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Preface
The purpose of this publ icat ion is to def ine and/or descr ibe technical  words and
concepts common to the subject of  energy. Many words and terms relat ing to energy have a
lengthy history attached to their  evolvement o present day usage. Therefore, i t  is of ten
imposs ib le  to  comple te ly  de f ine  or  adequate ly  exp la in  them in  a  conc ise  s ta tement  o r  two.  In
these cases ,  severa l  d i f fe ren t  approaches are  used in  descr ib ing  them,  so  tha t  you  w i l l  fu l l y
understand these terms as used in most contexts.
In  many cases  an  un fami l ia r  word  or  te rm wi l l  be  used in  descr ib ing  another  word .  In
most  cases ,  th is  word  or  te rm wi l l  be  descr ibed e lsewhere  in  th is  pub l i ca t ion .  In  a l l  cases ,  the
reader  i s  u rged to  seek  de f  in i t ions  and descr ip t ions  f  rom o ther  sources ,  such as  tex tbooks  on
energy ,  phys ics ,  chemis t ry ,  b io logy  and var ious  encyc loped ias .
Th is  i s  the  second pub l ica t ion  in  a  12-par t  energy  resource  ser ies  des igned fo r  adu l ts
and s tudents  w i th  a  ser ious  in te res t  in  the  energy  s i tua t ion .  Each pub l ica t ion  in  the  ser ies
examines a di f ferent energy source and considers the advantages and disadvantages
associated with its use.
When necessary, diagrams and/or tables are used to clar i fy or elaborate upon
in fo rmat ion  found in  the  tex t .  Quest ions  w i th  answers  are  inc luded a t  the  end o f  each
pub l ica t ion ,  so  tha t  you  can tes t  what  you have learned.
The au thor  w ishes  to  thank  Wi ley  Henson,  E lmon Yoder  and L inda Bach o f  the
Depar tment  o f  Agr icu l tu ra l  Eng ineer ing ,  Un ivers i ty  o f  Kentucky ,  fo r  rev iewing  the  tex t .
The Energy  Resource  Ser ies  fo r  Youth  and Adu l t  Energy  Programs inc ludes  the  fo l low ing
pub l ica t ions :
AEES-21 EnergyOverv iew
AEES-22 Def  in i t ions
AEES-23 Oi l  and Gas
AEES-24 Coal
AEES-25 So lar
AEES-26 Wind
AEES-27 Nuc learF iss ion
AEES-28 Nuc lear  Fus ion
AEES-29 Wood
AEES-30 Water
AEES-31 Geothermal
AEES-32 A lcoho l
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Energy Resource Series for Youth
and Adult  Energy Programs
2. Def init ions
Introduct ion
The words  descr ibed in  th is  pub l i ca t ion  are
u s e d  i n  t h e  o t h e r  p u b l i c a t i o n s  i n  t h i s  e n e r g y
resource  ser ies  w i thout  fu r ther  de f in ing .
In  most  cases  the  f i rs t  sen tence,  paragraph or
fo rmula  descr ibes  a word  or  te rm su f f  i c ien t ly  to  use
i t .  The added exp lanat ion  is  an  a t tempt  to  g ive  the
reader  a  f i rm foundat ion  fo r  us ing  the  word  conf i -
dent ly  in  energy  programs.
Work
In mathematical  terms: Work = force x distance.
Th is  fo rmula  is  used un iversa l l y  to  descr ibe  or
ca lcu la te  a  quant i t y  o f  work .  For  work  to  take  p lace
a fo rce  must  ex is t .  The f  o rce  may be  g iven in  pounds
( lb ) ,  g rams (g)  o r  tons ,  and th is  fo rce  must  move
someth ing  a  d is tance,  wh ich  may be  g iven in  mi les
(mi ) ,  fee t  ( f t ) ,  meters  (m)  o r  cen t imeters  (cm) .
The name o f  the  produc t  ob ta ined by  mul t ip ly -
ing  the  fo rce  by  the  d is tance cons is ts  o f  two words ,
one f  rom the  fo rce  l i s t  and one f  rom the  d is tance l i s t .
Any  combina t ion  o f  the  two can be  used,  bu t
t r a d i t i o n a l l y  u n i t s  f r o m  t h e  m e t r i c  a n d  B r i t i s h
sys tems o f  measurement  a re  no t  mixed.  Ins tead,  the
f o l l o w i n g  c o m b i n a t i o n s  a r e  t h o s e  m o s t  c o m m o n l y
used:  foo t -pounds ( f t - lb ) ,  g ram-cent imeters  (g -cm)
and k i  logram-melers  (kS-m) .
Energy
E n e r g y  i s  t h e  a b i l i t y  t o  d o  w o r k .  T h e  t e r m s
energy  and work  mean the  same th ing .  They  bo th
imp ly  an  ac t iv i t y  o r  a  fo rce  mov ing  an  ob jec t  a
cer ta in  d is tance.
Power
Power  i s  the  ra te  o f  do ing  work .  Rate  means
d o i n g  s o m e t h i n g  i n  a  u n i t  o f  t i m e .  T h e  t i m e  u n i t  c a n
b e  o n e  s e c o n d  ( s ) ,  o n e  m i n u t e  ( m i n ) ,  o n e  h o u r  ( h )  o r
one o f  any  s ta ted  length  o f  t ime.  l t  i s  impor tan t  o
know tha t  a  un i t  means one.  Many t imes the  word
each or  oer  i s  used ins tead o f  un i t  o r  one.
ln  a  mathemat ica l  fo rmula :
F x D
The words work and power are often interchanged
in  everyday  conversa t ion .  Techn ica l l y  there  is  a
wor ld  o f  d i f fe rence be tween them.  Suppose a  smal l
boy  car r ies  a  10-pound bucket  o f  water  up  a  h i l l ,50
fee t  h igh .  He has  ra ised the  10  pounds 50  fee t .  The
work  he  d id  on  the  water  was 10  x  50  or  50  f t - lb .
Assume tha t  a  s top  watch  was used,  and i t  i s  found
tha t  h is  t ime was 20  minu tes .
Compare  th is  w i th  what  h is  b ig  b ro ther  cou ld
do.  He cou ld  car ry  the  ' , |0 -pound bucket  up  the  same
h i l l  i n  5  m i n u t e s .  T h e  b i g  b r o t h e r  d i d  t h e  s a m e
quant i t y  o f  work ,50  fee t  x  10  pounds or  500 f t - lb .
However ,  the  b ig  b ro ther  d id  the  same work  in  one-
four th  the  t ime.  He had four  t imes more  power  than
h is  l i t t le  b ro ther .
S o m e  s i m o l e  a r i t h m e t i c  a n  i l l u s t r a t e  t h e  c o m -
p a r i s o n .  T h e  s m a l l  b o y  d i d  t h e  w o r k  i n  2 0  m i n u t e s
therefore:
Power = H = +P = 25 rt-tb/min
The b ig  boy  d id  the  work  in  5  minu tes  there fore :
Power = H = ry = loo ft'lb/min
Not ice  tha t  the  answer  fo r  the  b ig  b ro ther  i s  f  our
t imes as  la rge  as  fo r  the  l i t t le  boy .  We can say  tha t
the  b ig  boy  is  four  t imes as  power fu l  as  the  smal l
boy .  l t  i s  very  impor tan t  o  remember  tha t  the  work
each d id  i s  the  same.  on ly  the  t ime is  d i f fe ren t .
The un i ts  o f  power  a re  usua l ly  as  fo l lows:  foo t -
p o u n d s  p e r  m i n u t e  ( f t - l b / m i n ) ,  g r a m - c e n t i m e t e r  p e r
second (g -cm/s)  and k i logram-meter  per  second
( k g - m / s ) .
^ work force x distancerower = time trme
Horsepower
The word horsepower (hp) is so frequent ly used
that some effort  wi l l  be taken to explain i t .  l t  is s imply
a comparison of any power to what a horse could
do.  l f  a  person has  a  3hp lawnmower ,  th is  ac tua l l y
means tha t  th is  mach ine  can do  what  th ree  good
horses  cou ld  do  in  the  same t ime.
Histor ical ly,  when horses were used to haul
mater ials f rom mines i t  was found that a good horse
cou ld  ho is t  150 pounds ou t  o f  a  mine  a long a
distance of 22O feet in 1 minute. Soon owners of
o ther  horses  took  grea t  p r ide  in  any  o f  the i r  horses
tha t  cou ld  equa l  th is  fea t .  Th is  soon became the
standard that was expected of good horses.
The work that a horse, or humans for that
matter,  accomplished was:
Work = force x distance = 150 lb x220 lt = 33,000 ft{b
I t  made no di f ference i f  a smal ler horse took 5
minutes  or  a  g roup o f  men pu l led  the  load ou t  in  20
minutes. The work done was the same, 33,000 f t- lb.
Because the standard had become this work
done in 1 minute, the power of one horse was:
t horsepower = 33,000 ft.lb/min
The compara t ive  power  o f  the  smal l  horse  tha t  d id
the work in 5 minutes was:
hp = 33,000 ft-lbA min = 6,600 ft-lb/min
This is one-f  i f th the work that a good horse could do
in  the  same t ime:  i t  was  sa id  tha t  the  smal l  horse
produced one-f  i f th of a horsepower, and the owner
was paid one-f i f th as much for the use of such
horses.
l f  two men pu l led  the  load ou t  in  20  minu tes ,
their  comparat ive power was:
I hp = 33,000 ft-lb/2O min = 1,650 ft-lb/min
Because two men did this work, the power of each
was:
1.650
, 
=825ft'lb/min
This is one-fort ieth of what a good horse could do; i t
could be said that one man is equalto one-fort ieth of
a horsepower.
I t  should be pointed out that the workday in the
mines  back  then probab ly  las ted  10  or  12  hours .  A
f resh  horse  in  the  morn ing  wou ld  p robab ly  pu l l the
same load ou t  much qu icker .  The same two men
cou ld  p robab ly  qu ick ly  pu l l  the  load ou t  once or
tw ice  bu t  as  the  day  wore  on  they  wou ld  s low down.
The f igures used are the average power over the
day rather than a peak output.
Suppose that a tractor has a recording scale
attached to the drawbar, and i t  is found to pul l  with a
fo rce  o f  4 ,000 pounds.  Whi le  pu l l ing  w i th  th is  fo rce  i t
can travel a distance of 5.000 feet in 15 minutes. The
quest ion  then is ,  what  i s  the  drawbar  horsepower  o f
the tractor?
' F x D 4'000 x 5rq9.0 = 20,000,000 ft{b/15 min =n p = T  =  1 5
1,333,333 ft-lb/min
Now,  i f  th is  i s  d iv ided by  the  s tandard  amount
fo r '1  hp ,  the  ra t io  i s :
1,333,333 " rL/-:-
sa,000ffi = 40'4 hp
This  t rac to r  w i l l  do  40  t imes what  the  s tandard  good
horse  cou ld  do .
Horsepower Hour
The un i t  horsepowerhour  (hph)  i s  used in
f inanc ia l  t ransac t ions .  l t i s  the  quant i t y  o f  power
used fo ra  g iven job .  l f  a t rac to rwere  qu ipped w i th  a
hph meter ,  the  quant i t y  cou ld  be  read d i rec t l y  and a
charge per  un i t  wou ld  su f f i ce .  For  ins tance,  i f  a  40
hp tractor pul led a constant load at a constant speed
for  a  1O-hour  day  i t  wou ld  do  400 hph o f  work .  l f  the
rate was 20 cents per hph the total  bi l l  for the day
would be $80.
Horsepowerhour meters on farm tractors are
not  common l i ke  the  home e lec t r i c  power  meter .
Usual ly farm and industr ial  t ractor custom rates are
based on past experience for s imi lar jobs.
Watt
A wat t  i s  a  un i t  o f  e lec t r i c  power .  Th is  may be
sl ight ly harder to grasp than the descript ion of
mechan ica l  power  jus t  g iven  bu t  i f  read care fu l l y  i t
can be understood.
Remember that Power = F x D
The mean ing  o f  the  word  wat t  i s  a r r i ved  a t  l i ke  th is .
E lec t r i c i t y  cons is ts  o f  mov ing  e lec t rons .  One am-
pere (amp) of electr ic i ty is one package of electrons
moved pas t  a  po in t  on  a  c i rcu i t  in  '1  second o f  t ime.
The package contains 628 x 1016 electrons and is
there fore  o f  de f in i te  s ize  and is  ca l led  a  cou lomb.
Therefore, 1 amp = 628 x 1016 electrons/s.  l t  takes
T
a force to make the package of electrons move. This
fo rce  is  commonly  ca l led  vo l tage bu t  in  phys ics  and
electr ic i ty books i t  is cal led an electromotive force, a
very descr ipt ive term. Work is done in an electr ic
circui t  when a package of electrons is forced to
move a  d is tance;  there fore  W = F  x  D jus t  l i ke
mechanical  work. The power of an electr ic circui t  is
calculated by how fast this work is done or:
for@=Watts=powgr=- second
rg!!@mbs -
second 
-=voltsxamps
or:
W = V x A
When an e lec t r i c  fo rce  o f  1  vo l t  w i l l  cause 1  amp
to  move th rough a  c i rcu i t  th is  quant i t y  o f  power  i s
ca l led  a  wat t .  l f  i t  takes  10V to  move 1  amp th rough
another kind of c ircui t  the power is:
1 amp x 10 vol ts = 10 watts
Another  example .  l f  15  amps f low in  a  c i rcu i t  w i th
110 volts of force, the power of the circui t  is:
15 amp x 110 volts = 1,650 watts
Kilowatt Hour
Since most homes use many hundreds of watts
of power per month, i t  is more convenient to use
smal le r  numbers  per ta in ing  to  la rger  packages;
hence the  k i lowat t  o r  a  g roup o f  1 ,000 wat ts  in  a
package. Every home and business has a ki lowatt-
hour  (kWh)  meter ,  somet imes found in  the  base-
ment ,  u t i l i t y  room or  ou ts ide .
l f  a home is using electr ic energy at the rate of
15 ki lowatts per day, and does this over a 3O-day
period, the home would use 450 ki lowatthours or
450 kwh. l f  the cost of  electr ic i ty is 5 cents per each
kWh, the home would use $22.50 worth of electr ic
energy for the 30 days or about 75 cents per day. In
this example, the home uses about .63 ki lowatts
each hour or just over 3 cents per hour.  There are
720 hours  in  the  30  days .  Th is  mu l t ip l ied  t imes the
average cost per hour = $22.50.
Now suppose a  check  is  made on  an  ind iv idua l
appl iance, such as an electr ic clothes dryer.  The
name plate shows 20 amp at 220 volts.  This equals
4 ,400 wat ts  o f  poweror4 .4  kW.  l f  i t  takes45 minutes
to dry a load, what does the load cost to dry at a 5
cents per kWh rate? The 4.4 is mult ip l ied by three-
quar te rs  o f  an  hour  wh ich  g ives  3 .3  kwh.  Th is  in  tu rn
is  mu l t ip l ied  by  5  cents ,  the  assumed cos t  o f
electr ic i ty,  to yield 16.5 cents per load.
Potential Energy
Potent ial  energy (PE) is sometimes cal led
energy of posi t ion. l t  can be described best with an
example. Suppose a S-pound book rests upon a
tabletop that is 3 feet above the f  loor.  As long as the
book stays st i l l  or rests on the table no work is done,
but a constant force of 5 pounds is exerted upon the
table legs which is what keeps the book and f loor
apart .  l t  is this constant,  steady force that has the
potent ial  for doing work.
l f  the book is pushed off  the tabletop, i t  immedi-
a te ly  fa l l s  to  the  f loor .  l t  w i l l  h i t  w i th  a  resound ing
thump,  wh ich  tes t i f  ies  to  the  energy  o f  the  co l l i s ion .
The work done by the book was
F x D = 5 x 3 = 1 5 f t - l b
After the book comes to rest i t  has less energy than
before because i t  is c loser to the earth and has less
height.  l t  would take 15 f t- lb of work to get the book
back on the table.
The work  tha t  the  book  d id ,  in  th is  case,  was
more or less wasted unless we wanted to make a
loud no ise .  The energy  o f  impact  w i th  the  f  loor  was
d iss ipa ted  in  fo rc ing  sound waves  th rough the  a i r ,
by f lapping of the pages of the book and in some
temperature r ise ( faster molecular vibrat ion) in the
mater ial  of  the book and the f loor.
The work that the book did could have been
harnessed.  A  s l ing  cou ld  have been made and
suitable cords attached and run over pul leys, so that
a generator could have been turned or other objects
l i f ted  wh i le  i t  was  fa l l ing .
An example of this type work is a grandfather
c lock  w i th  we igh ts  on  cords  to  keep the  pendu lum
swinging. This does not take a great amount of
human work, and this system works effect ively.  The
potent ial  energy of the system was put in by human
power  w ind ing  the  we igh t  up .
A physical  body in a posit ion above the earth
(not in orbi t  or weight less state) has potent ial
energy because of the force of gravi ty.  Each part ic le
o f  the  body  exh ib i ts  a  g rav i ta t iona l  f  ie ld ,  and each
part ic le of the earth does the same. The earth has a
very strong or dense f  ie ld because of i ts large mass
(great number of part ic les).  The interact ion of the
gravi tat ional f ie ld of the earth and of the body
causes the force.
Gravity is constant ly doing work on objects that
fa l l ,  whether  i t  i s  a  la rge  bou lder  ro l l ing  down a
mounta in  o r  a  ra indrop  fa l l ing .  Grav i ta t iona l  f ie ld
dens i ty  o r  s t rength  d imin ishes  w i th  d is tance by  the
inverse  square  law.  But  w i th in  a  few mi les  o f  the
ear th 's  sur face  the  change in  th is  fo rce  is  so  smal l
that i t  can be considered constant.
Kinetic Energy
Kinet ic  energy  (KE)  i s  somet imes ca l led  energy
of movement.  The natural  law under which i t  oper-
ates can be expressed easi ly in mathematical  form
AS:
K E = | x M x V 2
In this law the mass of an object must always be
expressed as i ts weight div ided by the accelerat ion
due to gravi ty,  g.  The value of g is 32 f t ls2 at the
earth's surface. The veloci ty of the object must be
g iven in  fee t  per  second and the  we igh t  in  pounds.
The answer  fo r  the  amount  o f  k ine t ic  energy  w i l l  be
in  foo t -pounds.  These un i ts  may be  checked ou t  in
the law as fol lows:
re=|xt"u'=1,.#u'tft '
;r
1 l b s 2 f i 2
=r*7* -32 t tx?  =r t - lD
l f  an  ob jec t  we igh ing  100 pounds is  l i f ted  10  fee t
and pu t  on  a  she l f  ,  the  ob jec t  has  100 x  10  or  1 ,000
ft- lb of potent ial  energy stored due to i ts mass and
pos i t ion .  l f  the  ob jec t  fe l l  to  the  f loor  i t  wou ld  do
exac t ly  tha t  much work ,  and the  f loorwou ld  haveto
withstand or absorb that amount of energy. We see
then tha t  po ten t ia l  energy  and k ine t ic  energy  are
equa l .
Dimensions
In  s tudy ing  energy  the  words  length ,  a rea  and
vo lume appear  f requent ly .  In  add i t ion ,  the  mi les  per
ga l lon  tha t  veh ic les  ge t ,  the  cub ic  fee t  o f  gas  used
and bar re ls  o f  o i l  o r  tons  o f  coa l  ava i lab le  a re  a l l
fami l ia r  te rms used in  the  popu lar  p ress .  In  ca lcu la -
t ions  about  energy  these te rms and o thers  w i l l  be
used.  Can you v isua l i ze  a  mi le ,  a  foo t  o r  a  meter?
How b ig  i s  a  bar re l  o r  a  pound o f  a i r?
To answer  these and s imi la r  ques t ions  you have
to  re ly  on  your  exper ience.  Persons  who have l i ved
in  the  Midwest  a re  accus tomed to  mi les .  The lands
of  the  Midwest  have been d iv ided in to  square  mi les ,
and i t  is easy to compare from memory, other
d is tances  to  these squares  la id  ou t  one mi le  on  each
s ide .  l f  you  have bought  foods ,  such as  mi lk  o r  f ru i t
in  ga l lon  conta iners  you can f  rom memory ,  v isua l i ze
the  s ize  o f  a  ga l lon .
Length
When you take  a  po in t ,  wh ich  is  d imens ion less ,
and move i t  in  as t ra igh t  l ineyou fo rm a  pa th  wh ich  is
ca l led  a  l ine  segment .  F rom the  po in t  where  you
start  to the point where you stop is cal led the
segment .  Ac tua l l y  the  l ine  ex tends  bo th  ways  to
in f in i ty ,  and you can use as  much o f  i t  as  needed.
What  you use is  ca l led  a  segment .  Th is  segment ,  o r
the  in f  in i te  l ine  fo r  tha t  mat te r ,  has  on ly  one d imen-
s ion ,  leng th .
D is tances  or  leng ths  o f  any  d imens ion  are
relat ive. Supposing you have measured the length
o f  a  room f rom one ins ide  wa l l  to  the  o ther  and
found i t  to  be  14  fee t  and 3  inches .  l f  you  were  no t
fami l ia rw i th  a foo t  leng th  ru le r ,  th isd imens ion  o f  14
feet would not mean anything to you or to another
person to  whom you were  descr ib ing  th is  d is tance.
But  s ince  bo th  o f  you  can menta l l y  p ic tu re  a  foo t
ru le r ,  you  can imag ine  i t  la id  down 14 t imes,  end to
end,  w i th  jus t  3  inches  le f t  over .  The room then is
compared or related to the famil iar foot ruler as 14 to
1 .  Th is  can be  wr i t ten  as  14 :1  as  a  ra t io  o r  as  a
fract ion 14/1, indicat ing divis ion where the answer
i s  1 4 .
I t  would make no di f ference what length the
measur ing  s t i ck ,  in  th is  case a  foo t  ru le r ,  had;  the
process is exact ly the same. The actual length of the
room wou ld  no t  change,  jus t  the  ra t io .  But  a  ra t io  i s
d imens ion less .  The word  foo t  was  app l ied  to  the
answer  o f  the  example  to  le t  everyone know tha t  the
room was being related to a foot ruler.
Th is  p rocess  makes i t  poss ib le  fo r  two or  more
persons  to  communica te  about  the  s ize  o f  ob jec ts
wi thout  hav ing  the  ac tua l  ob jec t  p resent .  Drawings
or plans of large objects can be fai thful ly repro-
duced on  smal l  p ieces  o f  paper  by  reduc ing  ac tua l
d imens ions  by  a  cer ta in  ra t io .  The ra t io  by  wh ich  a l l
d imens ions  are  reduced is  ca l led  the  sca le  o f  the
drawing .  Aer ia l  photos  o f  severa l  hundred square
miles of the earth surface can be reduced to a map of
24  inches  on  each s ide .  Th is  ra t io  o f  reduc t ion  can
be several  thousand to one.
In  the  met r ic  sys tem,  the  meter  i s  the  bas ic  un i t
o f  leng th .  In  the  fu tu re  every th ing  w i l l  be  compared
to  i t s  leng th  in  mu l t ip les  o f  10 ,  bo th  la rger  and
smal le r .  The meter  has  a  phys ica l  bas is .  Ten mi l l ion
meters is the distance f rom the equator of the earth
to ei ther of the ooles.
The fo l low ing  tab le  g ives  the  compar ison o f
var ious  un i ts  o f  leng th .
1  i n c h  ( i n )  =  2 . 5 4  c m
1 foot (f t)  -  30.48 cm
1  m i l e  ( m i )  =  | . 6 0 9  k m
1 mic ron  (u )  =  0 .001 mm
1 c m = 1 0 m m
1  k m  .  1 , 0 0 0  m
1 cent imeter  (cm)  =  0 .3937 in
1  meter  (m)  =  39 .37  in
' I  k i lometer  (km)  -  0 .6214 mi
1  angs t rom (A)  =  16-s  
" rn'1 
meter = 100 cm
Area
l f  you  take  a  l ine  segment  and move i t  s ideways ,
you fo rm a  f la t  o r  smooth  sur face  ca l led  a  p lane.
Th is  p lane has  two d imens ions ,  each o f  wh ich  is  a
length  and measured a long two perpend icu la r
edges o f  the  p lane.  These two d imens ions  must  be
in  the  same un i ts ,  such as  fee t ,  inches  or  meters .
When these two d imens ions  are  mul t ip l ied  together ,
the  area  o f  the  p lane,  in  square  un i ts ,  i s  found.  l f  the
foo t  ru le r  happened to  be  the  bas ic  un i t ,  the  answer
wou ld  be  square  fee t .  Th is  can be  wr i t ten  in  abbrev i -
ated form as f t2,  because feet t imes feet is the same
as fee t  squared or  f t2 .  In  inches ,  the  answer  wou ld  be
in2  and in  meters  i t  wou ld  be  m2.  Any t ime you see an
answer  in  th is  fo rm (a  un i t  w i th  the  exponent  o f  2 )  i t
denotes  area ,  and you can immedia te ly  th ink  o f  a
f la t  p lane o f  approx imate  d imens ions  to  make the
area. The two as an exponent denotes an object with
two d imens ions .
The fo l low ing  tab le  g ives  the  compar ison o f
var ious  un i ts  o f  a rea .
1  square  inch  ( in , )  =  6 .4516 square  cent imeters  (cm2)
1 square foot ( f t , )  = 929 square cent imeters (cm2)
1 square foot ( f t , )  = 0.0929 square meters (m,)
1 square yard (yd'z) = 9 square feet ( f t 'z)
' l  square yard (yd'?) = 1,296 square inches ( in 'z)
1 acre -  43,560 square feet ( f t , )
1  square  mi le  (sq  mi )  =  646 u" r " t
Vo lume
l f  you  take  the  f la t ,  smooth  p lane and move i t
s t ra igh t  up ,  keep ing  i t  leve l ,  you  fo rm an ob jec t  (a
box)  tha t  has  th ree  d imens ions .  As  be fore ,  these
d imens ions  must  be  in  the  same un i ts .  When these
three  are  mul t ip l ied  together  the  answer  i s  the
vo lume o f  the  so l id  in  cub ic  un i ts ,  such as  cub ic
inches  or  cub ic  fee t .  In  abbrev ia ted  fo rm th is  i s  in3  or
f t3 .  Any t ime you see an  answer  l i ke  th is  i t  means
vo lume or  a  th ree-d imens iona l  ob jec t .
For  ins tance,  f rom your  exper ience you can
imag ine  a  cube 1  foo t  on  each edge.  The vo lume o f
th is  cube is  1  cub ic  foo t  o r  '1  f t3 .  Now i f  you  measure
an ob jec t  and f  ind  i t s  vo lume to  be  5  cu  b ic  fee t ,  5  f t3 ,
you can menta l l y  compare  the  ob jec t  w i th  f  i ve  cubes
that are each ' l  foot on a side.
The fo l low ing  tab le  g ives  the  compar ison o f
var ious  un i ts  o f  vo lume.
1 quart  (qt)  = 0.9a6 l i ter ( l )
1  ga l lon  (ga l )  =  231 in3
1 cubic foot ( f t3) = 1,728 in3
1 barrel petroleum = 42 gal
1  l i t e r  ( 1 )  =  1 . 0 5 7  q t
1  l i te r  ( l )  =  61  in3
1 cub ic  inch  ( in3)  =  16 .39  cm3
Time
l f  we kept records i t  might turn out that the word
t ime is used more often in everyday conversat ions
than any other.  But when asked what the word
means we f ind  i t  very  d i f f i cu l t  to  g ive  a  s imp le
explanat ion. Time seems abstract and apart  f rom
realthings. Time appears in most formulas concern-
ing  energy .
T ime is  used to  measure  the  enormous d is -
tances between objects in the universe. This "yard-
s t i ck"  o f  the  as t ronomers  is  the  d is tance tha t  l igh t
travels in one year.  l t  is spoken of as a l ight year.
One o f  the  f  i r s t  fo rmulas  learned in  a lgebra  is :
Distance = rate x time or D = rt
Ei ther side of the equat ion may be used be-
cause distance and rate x t ime are equal and mean
the same th ing .  In  us ing  the  te rm l igh t  years  the
astronomer never real ly says anything about a
phys ica l  d is tance bu t  t ime is  used in  the  word
"years . "  Yet ,  a  phys ica l  d is tance is  imp l ied  th rough
the equat ion. We are about to learn that t ime is a real
th ing  and can be  re la ted  on ly  to  rea l  th ings .  l f  there
were  no  rea l  ob jec ts  in  the  un iverse  there  wou ld  be
no such th ing  as  t ime.
At the equator,  the circumference of the earth is
about  25 ,000 mi les .  l t  makes  one revo lu t ion  in  what
we ca l l  24  hours .  An ob jec t  a t  the  equator  there fore
t rave ls  25 ,000 mi les  in  24  hours  o r  about  1 ,000 mi les
each hour .  In  math  fo rm ( f  rom the  equat ion  above)  i t
i s :
Velocity = rate = dislance - 25'990 mi -time 24 h
1,000 mi/hr (approximate)
Th is  can be  d iv ided by  60  minu tes  per  hour  to  g ive
the  mi les  oer  minu te .
4ry = 16.66 mi/min60
Div id ing  aga in  by  60  the  va lue  o f  mi les  per  second is :
16'66 
- o.277 mils60
Since each mi le  =  5 ,280 fee t ,  the  mi les  per
second can be  mul t ip l ied  by  th is  va lue  to  f ind  the
feet per second an object at  the equator travels.
5.280 ft
x: = 1,463 ftls
ml
Refer r ing  to  the  las t  equat ion ,  wh ich  gave 1 ,463
feet of t ravel for an object on the equator of the
earth, we f ind that this is what a second of t ime
amounts  to .  The second is  re la ted  to  an  ac tua l
phys ica l  d is tance.  The second hand on  a  watch
wou ld  move 1  second,  wh i le  th is  ob jec t  a t  the
equator moved 1,463 feet.  Or,  we may visual ize the
second hand of a watch as always point ing at this
object.
T ime then is  jus t  a  ra t io  compar ing  the  pos i t ion
o f  one ob jec t  w i th  the  pos i t ion  o f  another .  l f  you
could throw a basebal l  at  a veloci ty of 80 feet per
second, i t  would travel the 80 feet whi le an object at
the earth's equator was travel ing 1,463 feet.
T ime is  re levant .  Whi le  an  event  we are  measur -
ing  or  w i tness ing  takes  p lace ,  o ther  ob jec ts  in  the
un iverse  are  mov ing  a t  regu la r  se t  re la t ionsh ips .
Mass Versus Weight
The mean ing  o f  the  word  mass  is  usua l ly  g iven
as the amount of matter a physical  object contains.
The word  mat te r ,  fo r  use  here ,  may be  thought  o f  as
the  sum o f  the  nuc le i  and e lec t rons  (a toms)  tha t
make up  the  phys ica l  ob jec t .  The to ta l  number  o f
a toms mak ing  up  the  ob jec t  w i l l  be  the  same i f  the
object is on the surface of the earth, the moon, or out
in  space a  mi l l ion  mi les  f rom any  o ther  ob jec t .
Weigh t  i s  en t i re ly  d i f fe ren t  bu t  dependent  upon
the mass of an object.  Each nucleus and electron of
the atoms that make up an object exhibi t  a gravi ta-
t iona l  f ie ld .  The grav i ty  f ie ld  o f  an  ind iv idua la tom is
exceed ing ly  smal l  bu t  the  number  o f  a toms is
enormous and a l l  the  f  ie lds  a re  summed together ;  so
tha t  an  ob jec t  the  s ize  o f  the  ear th  exh ib i ts  an
effect ive total  f ie ld.  The gravi tat ional f ie lds of two
separate objects interact and cause an attract ion
between the two objects.  The objects wi l l  move
toward each other and come completely together,
unless kept apart  by a force opposing the attract ion
and equa l  to  i t .  l t  i s  th is  fo rce  tha t  i s  ca l led  we igh t .
The attract ive force of an object is greater on
the surface of the earth than i t  is for that same object
on the surface of the moon. This is because the
earth's mass is greater and has a stronger or denser
grav i ta t iona l  f ie ld  to  in te rac t  w i th  the  ob jec t  than
that of the moon. The force required to keep the
object separated from the surface of the earth is
greater than required on the moon. The mass of the
earth and moon is di f ferent,  but the mass of the
object is the same in each case.
The mass of an object is direct ly related to
iner t ia .  Iner t ia  i s  tha t  p roper ty  o f  an  ob jec t  in  mot ion
tha t  requ i res  i t  to  cont inue tha t  mot ion  un less  an
outs ide  fo rce  causes  i t  to  change.  Iner t ia  l so  can be
expressed as that property of an object that keeps i t
at  rest unless an outside force moves i t .  The attr i -
bu te  o f  iner t ia  i s  the  same fo r  a  g iven mass  (o r  g roup
of  a toms)  anywhere  in  the  un iverse .  l t  depends
so le ly  on  the  number  o f  a toms mak ing  up  the  mass
of the object.
Combustion
Techn ica l l y ,  the  word  combust ion  means any
chemica l  reac t ion  g iv ing  o f f  heat  and l igh t .  Our
most  common acqua in tance w i th  combust ion  is  a
f i re that produces a f lame. Combust ion occurs
when oxygen un i tes  w i th  a  fue l  rap id ly  enough to
produce heat ,  l igh t  o r  bo th .  Oxygen can combine
wi th  o ther  subs tances  o  s lowly  tha t  no  l igh t  and no
heat  a re  apparent .  Rus t ing  o f  i ron  or  s tee l  i s  one
example .  Th is  s low process  is  ca l led  ox ida t ion ,
ra ther  than burn ing  or  combust ion .
Extremely rapid rates of combust ion are cal led
exp los ions ,  such as  those produced by  dynami te  o r
gunpowder .  Somet imes th is  i s  the  des i red  resu l t .
Many t imes a  s lower  ra te  o r  even a  var iab le  ra te  i s
needed.
Three th ings  are  needed fo r  combust ion  to
occur .  F i rs t ,  there  must  be  a  fue l  tha t  w i l l  b reak
down or  c rack  and un i te  w i th  oxygen;  second,  there
must  be  a  supp ly  o f  oxygen in  the  presence o f  the
f  ue l .  Th is  i s  usua l ly  supp l ied  by  the  a tmosphere  bu t
i t  can  be  mixed in  w i th  the  fue l  as  in  gunpowder ,
dynami te  o r  in  rocke ts  car r ied  as  l iqu id  oxygen.  The
fue l  and the  a i r  must  be  in  vapor  o r  gas  fo rm and
mixed un i fo rmly  in  the  r igh t  ra t io .  The th i rd  cond i -
t ion  is tha t  a  par to f  th is  mix tu re  must  be  ra ised to  the
k ind l ing  tempera ture ,  us ing  a  spark  o r  match  to  s ta r t
un i t ing  the  fue l  a toms w i th  the  oxygen.  When th is
happens heat is given off .  Some of this heat raises
ad jacent  fue l -oxygen mix tu re  to  the  k ind l ing  tem-
pera ture ;  thus ,  the  burn ing  progresses  on  to  new
fuel.  Some of the heat may be needed to vaporize
the  f  ue l ,  as  wou ld  be  the  case w i th  so l id  fue ls ,  such
1 0
as wood,  coa l ,  gunpowder  o r  cand les ,  and w i th
l iqu id  f  ue ls ,  such as  propane,  gaso l ine ,  d iese l  o r  o i l .
Heat lef t  over can be used for useful  work or in the
heat ing  o f  rooms.
Temperature
I t  wou ld  be  hard  to  f ind  another  word  tha t  i s
used as  much as  tempera ture .  We use th is  word  in
ta lk ing  about  the  weather .  We compla in  tha t  our
co ld  d r inks  are  no t  co ld  enough or  tha t  our  ho t
dr inks  have coo led .  Many o f  us  hes i ta te  to  go  in to  a
swimming poo l  because the  water  i s  too  co ld .  In  a l l
these examples  we are  re fe r r ing  to  the  tempera ture
o f  th ings  as  they  ex is t ,  a t  tha t  moment ,  and o f  the
temperature we want them to be. What we are
ac tua l l y  re fe r r ing  to  i s  the  leve l  o f  heat  in  ob jec ts .
The level of  heat in cold coffee for instance, is too
low fo r  our  l i k ing .
The leve l  o f  heat  i s  rea l l y  the  amount  o f  k ine t ic
energy  s to red  in  the  molecu les  o f  the  ob jec ts  w i th
wh ich  we are  concerned.  We are  ta lk ing  now about
someth ing  tha t  we can p ic tu re  to  he lp  descr ibe
tempera ture .  Any  mov ing  ob jec t  has  k ine t ic  energy .
In  math  fo rm i t  i s :
* r= lxMxV2
Cons ider  a  mo lecu le  o f  a i r .  The a tmosphere  is
made up o f  most ly  n i t rogen (Nr )  and oxygen (Or ) .A
molecu le  o f  e i ther  one is  about  the  same mass ( they
are  s ide  by  s ide  in  the  per iod ic  tab le )  bu t  i s  ex t reme-
ly  smal l  compared to  a  bu l le t .  A l l  mo lecu les  in  the
atmosphere are in a state of v ibrat ion. Each mole-
cu  le  v i  b ra tes  many t imes per  second,  maybe b i  l l i ons
o f  t imes.  ln  do ing  so  i t  s t r i kes  i t s  ne ighbor  and
causes  i t  to  cont inue i t s  v ib ra t ing  mot ion .  The
average veloci ty of the molecule at sea level is about
1 , 1 0 0  m p h .  T h i s  w o u l d  b e  1 , 6 1 3  f e e t  p e r  s e c o n d .
Even a t  th is  ex t remely  smal l  mass ,  each molecu le
exh ib i ts  an  e f fec t i ve  amount  o f  k ine t ic  energy  be-
cause o f  i t s  ve loc i ty  (s im i la r  to  a  r i f le  bu l le t ) .  One
molecu le  o f  a i r  by  i t se l f  wou ld  be  ins ign i f i can t .  Bu t
there  is  a  vas t  number  in  1  cub ic  foo t  o f  the
atmosphere at sea level.  Al l  these together can
exh ib i t  a  s ign i f i can t  amount  o f  energy .
To measure the effect of  this vibrat ion or the
k ine t ic  energy  exh ib i ted ,  a  thermometer  i s  used.
The thermometer  i s  made o f  mercury  (Hg)  ins ide  a
g l a s s  t u b e  w i t h  a  s m a l l  b u l b  o n  t h e  e n d .  l f  t h i s  b u l b  i s
immersed in  the  1  cub ic  foo t  o f  a tmospher ic  a i r  and
le f t  fo r  a  shor t  t ime the  v ib ra t ions  o f  the  a i r  mo le-
cu les  aga ins t  he  g lass  cause the  molecu les  in  the
glass to reach nearly the same frequency of v ibra-
t ion ,  and the  g lass  in  tu rn  causes  the  molecu les  in
the mercury to vibrate.
An increase in  v ib ra t ion  ra te  causes  each mole-
cu le  o f  a  mater ia l ,  whether  a i r ,  g lass  or  mercury ,  to
take  up  more  space.  L ikewise ,  they  wou ld  take  up
less  vo lume i f  the  v ib ra t ion  ra te  s lowed down.  The
mercury  in  the  bu lb  w i l l  take  up  more  space i f  the  a i r
v ib ra t ion  is  g rea ter ,  caus ing  the  g lass  and the
mercury to vibrate faster and increase in volume.
When the  mercury  in  the  bu lb  expands,  i t  fo rces  i t s
way fa r ther  up  the  smal l  tube,  thus  inc reas ing  the
length  o f  th is  co lumn.  Th is  inc rease in  length  to  a
new he igh t  becomes the  tempera ture  read ing  ( in
numbers)  o f  the  1  cub ic  foo t  o f  a i r .
One add i t iona l  fac t  shou ld  be  descr ibed to  he lp
comple te  the  p ic tu re  o f  tempera ture  or  leve l  o f  heat .
We wi l l  use  water  as  an  example .  lmag ine  a  smal l
meta l  tube,  one-quar te r  inch  in  d iameter  and 200
fee t  long .  S tand th is  tube on  end and f i l l  i t  w i th
water .  Now imag ine  a  la rge  dam across  a  r i ver
impound ing  the  water  to  a  depth  o f  200 fee t  and
back ing  water  up  the  r i ver  fo r  150 mi les .  f  he  1 /4 -
inch  d iameter  tube,  200 fee t  long ,  con ta ins  about
one-ha l f  ga l lon  o f  water  we igh ing  about  4  1 /4
pounds.  The lake  conta ins  severa l  hundred b i l l i on
ga l lons .  Even w i th  th is  g rea t  con t ras t  in  vo lume the
two i l lus t ra t ions  have one th ing  in  common.  The
pressure  a t  the  bo t tom o f  the  tube is  exac t ly  the
same as the pressure at the bottom of the lake, about
86  pounds per  square  inch .
I t  i s  t rue  tha t  the  water  cou ld  run  ou t  o f  the
bot tom o f  the  tube and empty  in  a  very  shor t  t ime.  l t
wou ld  take  years  fo r  the  lake  to  empty  ou t  th is  way.
In  fac t  la rge  d iameter  tubes ,  maybe 4  to  6  fee t
across ,  can  be  pu t  in  the  dam to  d i rec t  the  ou t f  low o f
water  aga ins t  u rb ines  to  genera te  lec t r i c i t y .
I t  i s  ev ident  tha t  the  to ta l  s to red  po ten t ia l
energy  is  vas t ly  d i f fe ren t  in  the  two i l lus t ra t ions ,
even though the  pressure  is  exac t ly  the  same.  The
pressure  in  the  water  examples  can be  thought  o f  in
a  s imi la r  way  to  tempera ture .  l t to ld  no th ing  o f  the
to ta l  amount  o f  energy  ava i lab le  in  each o f  the  two
i l l u s t r a t i o n s .  T h e  t e m p e r a t u r e  t e l l s  a b o u t  t h e
ve loc i ty  o f  the  molecu les ,  and the  to ta l  we igh t  te l l s
the  mass  or  quant i t y  o f  mo lecu les .  These two va lues
have to  be  mul t io l ied  to  ob ta in  the  to ta l  k ine t ic
energy .
In  the  very  upper  reg ions  o f  the  a tmosphere  the
molecu les  o f  a i r  a re  a  g rea t  d is tance apar t .  Some o f
them may reach ex t remely  h igh  ve loc i t ies .  The
average ve loc i ty  i s  much h igher  than a t  the  ear th 's
sur face .  As  a  resu l t ,  the  k ine t ic  energy  o f  an  ind i -
v idua l  mo lecu le  i s  much h igher ;  there fore ,  the
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tempera ture  is  ca lcu la ted  to  be  much h igher  in
these reg ions  than a t  the  sur face  runn ing  as  h igh  as
1  ,000"  F  or  more .  The to ta l  k ine t ic  energy  is  no t  very
great because of low density of the atmosphere.
Temperature may be thought of as one body of
substance being able to transfer heat to another
body. The one with the highest temperature wi l l
a lways send heat to a body of lower temperature.
The greater the di f ference the faster the heat is
moved. This is a fundamental  law of thermody-
namics .  Thus ,  a  th in  meta l  cup  conta in ing  water  a t
200"F w i l l  send heat  in to  a  ba th tub  ho ld ing  20
ga l lons  o f  water  a t  1  00 '  F  i f  i t  i s  se t  in to  i t .  In  a  s imi la r
fashion, the 200-foot tube of water wi l l  send water
into the lake i f  the level of  water in i t  is raised any
amount above that of  the lake.
The effect ive temperature of a body is the
average, kinet ic energy of al l  the molecules of the
body.  For  example ,  imag ine  a  homogeneous meta l
sphere si t t ing on a cake of ice. A torch appl ies heat
to  the  top  o f  th is  sphere  un t i l  a  smal l  spo t  a t  the  top
becomes red hot.  This is a temperature of about
1,200'C. The ice is at 0oC; therefore the surface of
the  meta l  sphere  in  contac t  w i th  the  ice  wou ld  be
very near 0oC. Somewhere in between the top and
bottom of the sphere, about halfway, the tempera-
tu re  o f  the  meta l  shou ld  be  about  600 'C.  Heat  wou ld
f low through the steel bal l  f  rom the top to the bottom
and has ten  the  mel t ing  o f  the  ice .  But  the  tempera-
tu re  a t  the  center  wou ld  remain  cons tan t .  Th is
would be the steady state of the system unt i l  the
torch ran out of fuel  or al l  the ice melted.
l f  the  ba l l  cou ld  be  p laced in  some med ium tha t
was at 600"C, such as an oven, the hot spot would
coo l  o f f  and the  co ld  s ide  wou ld  heat  uo  un t i l  a l l
the volume of the sphere was at 600"C.
A thermometer used to measure temperature
may have two types  o f  ind ica tor  mark ings  or  sca les ,
usua l ly  one on  e i ther  s ide  o f  the  co lumn o f  mercury .
They can be easi ly compared. The Fahrenheit  scale
marks the freezing point of  water at 32 degrees and
the boi l ing point at  212 degrees. The cent igrade
scale marks the f  reezing point of  water at 0 degrees
and the  bo i l ing  po in t  a t  100 degrees .  We have used
the  Fahrenhe i t  sca le  so  much,  in  everyday  l i fe ,  tha t
we are more used to i t .  The level of  heat measured is
the same regardless of the scale used.
Absolute Zero
We have seen that heat manifests i tsel f  in
v ib ra t ion  o f  the  molecu les  o f  a  subs tance.  l f  a
substance is cooled unt i l  a l l  v ibrat ion ceases, the
molecules i t  absolutely st i l l ,  adjacent o each other.
Molecules have other motions besides lateral  v ibra-
t ion. They may rotate about any one or al l  of  three
axes at one t ime. Unt i l  th is rotat ion ceases al l  k inet ic
energy or heat has not been removed from the
substance.
When al l  act iv i ty has been removed, absolute
zero has been reached. l t  is considered to be -273'C
or -459.4"F. Absolute zero is simi lar to the speed of
l igh t .  The c loser  i t  i s  approached in  ac tua l  p rac t ice ,
the more di f f icul t  i t  is to reduce the temperature
farther.  l t  has not been approached closer than
about  1  o r  2"F .
Heat
The word heat also is frequent ly used in every-
day conversat ions. Many t imes the words heat and
temperature are used interchangeably.  They are so
closely related that i t 's easy to make a mistake.
Refer r ing  to  the  example  o f  the  cup and tub  used in
descr ib ing  tempera ture ,  remember  tha t  the  cup o f
water had a temperature of 200oF whi le the tub of
water was at 100"F. This means that the molecules
of water in the cup were moving much faster than
those in  the  tub .  l f  we summed a l l  the  k ine t ic  energy
of  each o f  the  molecu les  in  the  cup,  we wou ld
determine the total  foot-pounds of k inet ic energy
the  cup conta ined.
In  the  same fash ion  we cou ld  sum up a l l  the
k ine t ic  energy  in  the  tub  in  foo t -pounds.  Probab ly
the  tub  wou ld  conta in  much more  k ine t ic  energy  or
more total  foot-pounds because of i ts greater mass.
We know f rom exper ience tha t  th is  i s  t rue ,  and we
simply say that the tub possesses more heat than
the cup of water.  l f  the cup of water were accident ly
sp i l led  on  bare  sk in  a  sca ld  o r  burn  wou ld  resu l t .  Ye t
the  who le  tub  o f  water  w i l l  no t  damage the  sk in  even
though i t  con ta ins  much more  to ta l  heat .
T iny  d rops  o f  g rease may pop ou t  o f  a  sk i l le t
on to  a  bare  arm caus ing  very  t iny  b l i s te rs ,  resu l t ing
in  minor  d iscomfor t .  ln  cont ras t  a  deep pan o f  o i la t
the  same tempera ture ,  i f acc ident ly  sp i l led  on  bare
sk in  wou ld  be  ca tas t roph ic .
The heat from the t iny drops of grease was
t rans fer red  in to the  sk in  o f  the  arm becausethedrop
was a t  a  h igher  tempera ture .  l t s  mo lecu les  were
v ib ra t ing  a t  a  much h igher  ra te  than those o f  the
s k i n .  T h e  m o l e c u l e s  i n  t h e  s m a l l  a r e a  o f  t h e  s k i n ,  i n
contact with the grease, speeded up drast ical ly,
k i l l i n g  t h e  l i v i n g  c e l l s ; b u t ,  t h e  g r e a s e  m o l e c u l e s  b y
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tha t  t ime were  s lowed down so  tha t  the i r  k ine t ic
energy  was equa l  to  the  k ine t ic  energy  o f  the  sk in ,
and no  more  damage was done.
The la rge  po t  o f  o i l  a t  the  same h igh  tempera-
tu re  conta ined a  much grea ter  quant i t y  o f  heat ,  and
the  sk in  cou ld  no t  absorb  a l l  the  v ib ra t ions  w i thout
severe  damage to  a  la rge  area  o f  sk in .  Thus ,  we see
tha t  tempera ture  depends on ly  on  the  speed o f  the
molecu les ,  wh i le  heat  depends upon bo th  the  speed
and the  number  o r  mass  o f  mo lecu les  invo lved.
Extract ing Work from Heat
Because heat  i s  k ine t ic  energy  or  a  measure  o f
the  to ta l  v ib ra t ions  o f  the  molecu les  o f  a  body  in
foot-oounds. work can be extracted from heat.  ln
o ther  words ,  mechan ica l  movement  can be  ob-
tained from heat.
An example  o f  th is  i s  a  s team eng ine ,  Some k ind
of  fue l  i s  burned near  a  conta iner  o f  water .  The
molecu les  o f  the  gas  in  the  f lame v ib ra te  a t  a  very
h igh  ra te .  Th is  f lame touches  the  meta l  p ipes  or
conta iners  and t rans fers  heat  to  the  molecu les  in  the
meta l ,  speed ing  up  the  molecu les .  The meta l  be-
comes ho t te r  than the  water  o r  the  meta l  mo lecu les
v ib ra te  fas te r  than those in  the  water  so  the  meta l
transfers heat to the water.
l f  the  f  lame tempera ture  is  h igh  enough to  ge t
the  meta l  ho t  so  as  to  ra ise  the  tempera ture ,  o r  ra te
o f  v ib ra t ions  o f  the  water ,  some o f  the  molecu les  in
t h e  w a t e r  w i l l  s p e e d  u p  e n o u g h  t o  j u m p  o u t  o f  t h e
l iqu id .  l f  th is  cont inues  a t  a  fas t  enough ra te ,  the
atmosphere  above the  water  w i l l  become sa tura ted
wi th  h igh  speed water  mo lecu les ,  and we w i l l  have
s team bu i ld ing  up  pressure .  There  is  qu i te  a  d is -
tance be tween these molecu les  compared to  those
in  l iqu id  water ;  the  speed o f  the  s team molecu les  is
m u c h  h i g h e r  t h a n  t h o s e  i n  t h e  l i q u i d .  E a c h  m o l e c u l e
o f  s team has  more  k ine t ic  energy  than those mole-
cu les  in  the  water ,  so  fewer  o f  them conta in  the
same amount  o f  heat  o r  k ine t ic  energy .
.H igh  pressure  s team can be  led  th rough p ipes
t o  c y l i n d e r s  o r  t u r b i n e s  t o  p u s h  a  p i s t o n  o r  i m p i n g e
aga ins t  he  b lades  o f  the  tu  rb ine  in  o rder  to  p roduce
actua l  mechan ica l  work .  Th is  work  can be  har -
nessed by  connect ing  rods  be tween cy l inders  and
whee ls  o r ,  in  the  case o f  a  tu rb ine ,  to  gears  and
whee ls .
We have thus  success f  u l l y  comple ted  the  la rge
s tep  f rom s tored  chemica l  energy  in  foss i l  fue l  to
usef  u l  mechan ica l  mot ion .  Note  tha t  i t  was  a l l  done
in  a  ser ies  o f  s teps ,  each cons is t ing  o f  the  ac tua l
movement  o f  bod ies .  The bod ies  o f  the  f lame
cons is ted  o f  fas t -mov inq  molecu les  o f  a  hvdro-
carbon f  ue l ,  say  propane,  un i t ing  w i th  oxygen (see
the  d iscuss ion  o f  combust ion  on  page 10) .  The
chemica l  fo rmula  fo r  th is  reac t ion  is :
CrHu * 5O2-> 4H2O + 3CO,
On the  r igh t  hand s ide ,  the  water  and carbon d iox ide
molecu les  in  the  f lame are  exc i ted  or  v ib ra t ing  a t
ex t remely  h igh  speed.  They  caused the  molecu les
in the metal  water container to speed up. There were
b i l l i ons  o f  mo lecu les  in  the  f  ue l ,  each hav ing  b i l l i ons
upon b i l l i ons  o f  v ib ra t ions .  Not  a l l  these molecu les ,
however ,  were  ab le  to  app ly  the i r  k ine t ic  energy
toward  the  meta l .  Some bounced s ideways  ou t  o f
the  f lame and were  los t ,  thus ,  no t  g iv ing  any  fu r ther
fo rce toward  our  use fu lend.  l t  i s the  job  o f  mechan i -
ca l  eng ineers  to  des ign  heat  t rans fer  sys tems to
capture  as  much o f  the  k ine t ic  energy  o f  the  f  lame as
poss ib le  so  i t  can  be  t rans fer red  to  the  conta iners ;
and,  to  des ign  the  conta iner  so  i t  t rans fers  as  much
k ine t ic  energy  as  poss ib le  to  the  water ,  and so  fo r th .
A t  the  present  t ime,  eng ineers  a re  ab le  to
produce about 40 percent overal l  ef f  ic iency in large
s team power  p lan ts ,  and a  l i t t le  less  in  movab le
e n g i n e s  b e c a u s e  o f  s a c r i f i c e s  n e c e s s a r y  t o r
mob i l i t y .
The impor tan t  h ing  to  rea l i ze  i s  tha t  chemica l
energy  (heat )  i s  harnessed.  In  fac t ,  the  word  harness
is  p robab ly  the  key  word  th roughout  th is  Energy
Resource Series. There are many sources of energy.
The b ig  p rob lem is  ge t t ing  the  energy  e f fec t i ve ly
harnessed to  do  use fu l ,  con t ro l led  work .
Not ice  tha t  the  chemica l  energy  in  the  f lame
cons is ted  o f  many b i l l i ons  o f  ex t remely  smal l
movements  we ca l led  v ib ra t ions .  You can th ink  o f
them as  many smal l  levers  mov ing  very  fas t  over
smal l  d is tances ,  much too  smal l  and fas t  to  d i rec t l y
hook  on to .  By  chang ing  u l t imate ly  to  fewer  and
s lower  mo lecu les  o f  water  in  the  s team,  we ge t  a l l
these l i t t le fast-moving levers to move a piston and
one ex t remely  la rge  lever ,  the  c rank  shaf t ,  on  a
whee l  tha t  we cou ld  hook  our  load on to .
Every  t ime a  change or  s tep  is  necessary  to  ge t
f  rom the  chemica l  energy  heat  source  to  the  c rank
shaf t ,  some e f f i c iency  is  los t .  In  fac t ,  i f  enough
changes are  made,  a l l  the  energy  w i l l  be  taken up  in
these changes a lone and none le f t  fo r  the  f  ina l  lever .
A  sys tem l i ke  th is  has  zero  e f f  i c iency  or  100 percent
l o s s  a n d  r e s u l t s  i n  n o  u s e f u l w o r k .  T h i s  i s  l i k e  h a v i n g
a t ransmiss ion  on  a  car  o r  t rac to r  so  b ig ,  tha t  in
order  to  reduce the  eng ine  speed to  the  dr iv ing
whee ls  and a t temot  o  inc rease the  to roue a t  these
w h e e l s ,  t h e  t r a n s m i s s i o n  i s a l l  t h e  e n g i n e  c a n  t u r n .
Therefore, one way a researcher can attempt to
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increase the overal l  ef f  ic iency of an energy conver-
sion system is to el iminate some steps, i f  possible.
I t  i s  a lso  impor tan t  to  no te  tha t  in  a  heat  eng ine
system l ike we have described, the temperature of
the source immediately preceding a change or
t rans fer  must  be  a t  a  h igher  leve l  than in  the  body
the heat is t ransferred to.  Thus, the f  lame must be at
a  h igher  tempera ture  than the  meta l  con ta iner ,  and
the  conta iner  must  be  a t  a  h igher  tempera ture  than
the water.  The greater the di f ference between or igi-
nal  source and the adjacent medium, the faster the
heat  w i l l  f low.
Measurement of Heat
The measurement  o f  heat  i s  usua l ly  g iven  in  one
of two systems, the Bri t ish or metr ic system. In
ei ther system, a quant i ty of heat energy, or the
k ine t ic  energy  o f  the  v ib ra t ions  o f  the  molecu les ,  i s
used.  In  the  Br i t i sh  sys tem,  the  bas ic  un i t  i s  the
amount  o r  quant i t y  o f  energy  requ i red  to  ra ise  the
temperature of one pound of water one degree on
the  Fahrenhe i t  sca le .  Th is  amount  o f  heat  i s  ca l led
one Br i t i sh  thermal  un i t  (B tu) .  ln  the  met r ic  sys tem
the bas ic  un i t  i s  the  amount  o r  quant i t y  o f  energy
required to raise the temperature of one gram of
water one degree on the cent igrade scale. This
amount of heat is cal led one calor ie.
The heat energy that a fuel  wi l l  produce by
combust ion  is  found by  use  o f  a  ca lo r imeter .  Th is
apparatus is a highly insulated vessel containing an
inner combust ion chamber surrounded by water.
In to  the  chamber  a  measured we igh t  o f  fue l  i s
p laced a long w i th  ample  oxygen.  Usua l ly  a  spark  i s
used to igni te the fuel-oxygen mixtures. The heat
energy  produced by  the  combust ion  w i l l  in  a  shor t
t ime heat the chamber wal l  and then the Surround-
ing water.  lnsulat ion surrounding the water reduces
the escape of heat to the outside. The r ise in the
temperature of the known weight of water and
known weight of fuel  gives the amount of heat
produced by any quant i ty of that fuel .
Heat Translation
ln the descript ion of heat,  an example was given
of  the  k ine t ic  energy  in  foss i l  fue ls  mov ing  f  rom the
high temperature f lame into water,  forming steam
that moved a lever arm and did mechanical  work.
The descript ion of the kinet ic energy of the mole-
cules of the mater ial  was carr ied through, step by
step. This is heat transfer,  that is,  t ranslat ion or
movement.  In general ,  energy in the form of heat
can be translated in three ways: by conduct ion,
convect ion and radiat ion.
Conduct ion
When two physical  objects at di f ferent empera-
tures touch, heat wi l l  move or f low from the object
with the higher temperature to the one with a lower
temperature. This is a natural  fact known as the
second fundamenta l  law o f  thermodynamics .  Th is  i s
done as described in the steam engine example. The
kinet ic energy of the faster vibrat ing molecules in
the higher temperature object causes the slower
vibrat ing molecules in the lowertemperature object
to speed up. As a result ,  the faster ones lose some of
the i r  energy ,  and the  s lower  ones  ga in  energy .  Th is
cont inues unt i l  the energy level or temperature of
the two objects is the same.
The ob jec ts  do  no t  have to  be  so l ids .  One cou ld
be so l id  and the  o ther  a  gas  or  l iqu id .  An egg in
boi l ing water cooks because the kinet ic energy of
the rapidly vibrat ing molecules of water str ik ing the
egg shel l  is t ransferred to the inside of the egg.
Convection
Convect ion means to convey or carry.  This
process  is  usua l ly  thought  o f  in  te rms o f  gases  and
l iqu ids .  In  a  home heat ing  sys tem,  a  fu rnace can
heat air  at  some central  point.  A fan can move this
heated air  into several  rooms forcing the colder air
to return to the furnace and be heated in a cont inu-
ous  cyc le .  In  th is  example  a i r  was  the  med ium to
convey the heat.
Water also can be used. l t  is heated in a standard
hot water heater and pumped to rooms through
insu la ted  p ipes .  Usua l ly  f inned p ipe  is  used to  o f fe r
more contact surface with the room air ,  thus,
has ten ing  heat ing .  Usua l ly  the  f inned p ipe  is  near
the  f loor  aga ins t  an  ou ts ide  wa l l .  The a i r  tha t
touches the hot pipe becomes exci ted and less
dense, therefore, more dense air  moves in and
forces  the  newly  heated  a i r  upward .  Thus ,  there  is
circulat ion of warmed air  r is ing and moving across
the  upper  reg ion  o f  the  room and gradua l ly  coo l ing
as i t  gives up the newly acquired kinet ic energyfrom
the pipe. As i t  cools and becomes more dense, i t
sett les toward the pipe and cont inues the cycle. The
ob jec ts  in  the  room inc lud ing  peop le  a re  becoming
warmer as the warm air  touches them and transfers
heat to them. This is a convect ion cycle.
Convect ion heat ing cont inual ly takes place in
the atmosphere. Air  in contact with hot desert  sand
becomes less dense and r ises. Air  in contact with
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l rozen northern land becomes less dense and stays
low. l t  gradual ly moves out sideways and can start  a
cold front moving across the country.
Radiat ion
I n  b o t h  t h e  c o n d u c t i o n  a n d  c o n v e c t i o n
processes, heat is t ransferred from one medium to
another by the vibrat ing molecules. But heat energy
can t rave l  th rough space where  there  is  no  med ium.
A person can feel the heat of the sun that is 93
mi l l ion  mi les  away across  space.  The heat  f rom a
l igh t  bu lb  o r  e lec t r i c  heat ing  co i l s  can  be  fe l t ,  ye t
you do  no t  ac tua l l y  touch them.  Th is  phenomenon
is more di f f icul t  to grasp bebause i t  goes r ight to
the heart  of  matter.  Heat that t ravels through space,
as wel l  as ul traviolet l ight,  X-rays, radio, television
and radar waves al l  fa l l  in the general  category
cal led electromagnetic radiat ion. In fact,  gravi ty
i t se l f  m igh t  be  inc luded in  th is  ca tegory  a long w i th
magnet ic  and e lec t r i c  (pos i t i ve  and negat ive
charges) f ie lds.
Electromagnetic radiat ion consists of exceed-
ing ly  smal l ,  p rac t ica l l y  mass less  par t i c les  ca l led
photons. Exci ted atoms can give off  many of these
photons, or atoms can receive them and become
excited. Photons travel straight away from the
excited atoms that emit ted them unt i l  they str ike
another atom and are absorbed by having exci ted i t .
lmag ine  the  e lec t r i c  l igh t  f i l ament  ha t  i s  i l l umi -
na t ing  th is  page you are  read ing .  The f i lament  w i re
is  wh i te  ho t .  about  3 ,000 'C.  The a toms are  in  an
extreme state of v ibrat ion. The electrons that orbi t
these atoms are boosted to a higher orbi tal  distance
because of the extra input of energy. Some atoms
s low down in  coo le r  reg ions  o f  the  w i re ,  and the
e lec t rons  drop  in to  a  c loser  o rb i t  g iv ing  up  the
energy  pu t  in .  l t  i s  th is  quant i t y  o f  energy  g iven up
by the fal l ing electron that is known as the photon.
The photon may be emit ted straight toward this
page a long w i th  t r i l l i ons  and t r i l l i ons  o f  o thers .  Th is
stream of photons is cal led radiat ion.
Electrons fal l ing from dif ferent orbi ts give off
di f ferent sized photons, but they al l  t ravel at  the
same speed forward-the speed of l ight.  Whi le they
travel they vibrate perpendicular to the path of
travel.  Dif ferent sized photons vibrate at di f ferent
rates. Some of these vibrat ions may be such that the
rods and cones of the ret ina of the eye are tuned to
them or  a re  sympathet ic  to  them.  Th is  wou ld  be  the
visible l ight port ion of the spectrum.
Of  the  photons  f  rom the  e lec t r i c  l igh t  f  i l ament
tha t t rave led  to th is  page,  some h i t thedark  ink  o f  the
print  and were absorbed into those atoms raising
their  exci ted level and temperature; whi le others
struck the white part  and were ref lected to the eye.
Here  they  passed th rough the  pup i l  and were
focused on the ret ina. The vibrat ions of these
photons st imulated the rods or cones and trans-
mi t ted  e lec t r i ca l  impu lses  to  the  bra in  ce l l s .  In  th is
fash ion  s igh t  i s  made poss ib te  w i th  l igh t .
Thus, energy has been transferred across
space.  The a i r  mo lecu les  be tween the  l igh t  bu lb  and
eye had no th ing  to  do  w i th  i t .
The r ise in act iv i ty of the cones and rods also
causes  a  r i se  in  the i r  tempera ture ,  bu t  i t  i s  too
inf ini tesimal to be measured. However,  the electr ic
s igna l  they  send to  the  bra in  can be  measured by
sens i t i ve  nerve  conduct ion  ins t ruments .
Photon  v ib ra t ion  f requenc ies  jus t  be low v is ib le
l igh t  a re  the  in f ra red  band.  Th is  band is  known as
the  heat  por t ion  o f  the  spec t rum.  l f  a l l  the  v ib ra t ions
of the photons emit ted from a source were in this
range,  the  eye  cou ld  no t  see  them,  and rad io
receivers would not be sensit ive to them. But the
nerve  end ings  in  the  sk in  wou ld  de tec t  them and
send th is  in fo rmat ion  to  the  bra in .  Th is  i s  the  way we
feel heat.
Radiat ion in the infrared frequency range is
given off  strongly by warm to hot objects.  At
t e m p e r a t u r e s  o f  1 , 0 0 0 " C  t h i s  a p p r o a c h e s  a
m a x i m u m .
Harnessing Energy
The word  harness  w i l l  appear  qu i te  o f ten  in
w r i t t e n  a n d  v e r b a l  c o n v e r s a t i o n s  c o n c e r n i n g
energy. l t  is important hat when we see or hear i t  in
th is  contex t ,  we can qu ick ly  unders tand what  i s
being conveyed.
We humans use energy  in  th ree  d i f fe ren t  ways :
as  heat  and l igh t ,  and as  a  means o f  fo rc ing  some
mechan ica l  con t r i vance to  move.  Some peop le  may
want  to  inc lude chemica l  fo rms bu t  here  the  e lec-
t rons  are  push ing  and be ing  pushed or  fo rced to
move.
Energy  in  many fo rms can be  ava i lab le  to  do
these th ree  th ings .  Wood or  o ther  d ry  fue l ,  as  an
example ,  can  be  burned to  fu rn ish  heat .  l f  hea t  i s
what  we want ,  th is  may be  the  answer  fo r  our  needs .
But  i f  you  want  to  fe l l  a  t ree  and cu t  i t  up  in to  smal l
p ieces  fo r  the  s tove ,  how do you connect  the  heat
from burning wood to an axe or saw? That 's what
the word harness means-to connect mechanical ly.
The fo l low ing  figure  i l l us t ra tes  a  method o f  harness-
ing the heat from burning wood to saw wood.
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An animaled descript ion of energy lransit ion from one form to
anolher lo obtain a desired action. Here wood is burned to make
sieam lo drive the saw. The saw cuts the wood which in lurn can
be burned.
At  the  dawn o f  human h is to ry ,  the  f  i r s t  fo rm o f  a
harness  was probab ly  the  hand le  on  a  s tone wh ich
prov ided much grea ter  leverage fo r  h i t t ing  th ings .
Then came hand les  on  kn ives  and spears .  Ear ly  man
probab ly  learned how to  harness  h is  own body  to  a
smal l  load  w i th  shou lder  boards ,  how to  car ry
baskets  on  h is  head,  o r  d rag  smal l  t ree  l imbs as
lean-to sleds. Then man discovered that with var i-
ous  phys ica l  hookups an imals  cou ld  be  used to
grea t ly  mu l t ip ly  h is  e f fo r ts .
In  p ioneer  days  the  horse  was the  main  source
of power to move objects.  Man devised a system of
ropes and straps to attach the body of the horse to a
l o a d ,  s o  t h a t  i t  c o u l d  e i t h e r  c a r r y  i t  o r  p u l l i t .  I n  t h e
p ioneer  cab ins  heat  was the  b ig  need to  surv ive  the
co ld  w in te rs .  Th is  was prov ided by  burn ing  wood in
a  s tove  or  f  i rep lace .  A  smal l  s ide  benef i t  was  some
l igh t  f rom the  f lame.  Th is  l igh t  was  on ly  enough fo r
gross- type work .  l t  cer ta in ly  was no t  adequate  fo r
the  f  ine  ar ts  o f  read ing ,  sewing ,  e tc .  When n igh t t ime
came most  work  came to  a  ha l t .  Th is  heat  a lso
served to  cook  a l l  mea ls .  Th is  worked we l l  in  the
win ter  bu t  the  excess  heat  was very  undes i rab le  in
the  summer .
The phys ica l  work  tha t  requ i red  movement  o f
ob jec ts ,  such as  c lo thes  wash ing ,  bu t te r  churn ing
and meat  and vegetab le  cu t t ing  was done by  hand.
In  the  modern  k i tchen a  c lose ly  cont ro l led  na tura l
gas  f lame or  e lec t r i c  heat ing  e lement  i s  used fo r
cook ing .  Other  heaters  in  the  cook ing  process  are
the electr ic toasters, electr ic coffee makers, ovens
and o ther  assor ted  app l iances .  L igh t  i s  p rov ided
severa l  hundred fo ld ,  compared to  the  ear ly  cab ins ,
by  incandescent  o r  f  luorescent  e lec t r i c  l igh ts .  Me-
chan ica l  movement  app l iances  inc lude kn ives ,  can
openers ,  meat  g r inders ,  b lenders ,  s l i cers ,  m ixers ,
c locks  ( t imers  tha t  move swi tches) ,  d ishwashers ,
disposals,  compactors, kni fe sharpeners, ice crush-
ers ,  ven t  fans  and re f  r igera tors .  Th is  l i s t  i s  long ,  and
peop le  o f  today  are  qu i te  fami l ia r  w i th  a l l  these
objects.
In al l  of  these objects one of three things was
wanted from the source of energy, ei ther heat,  l ight
o r  a  phys ica l  movement .  The on ly  types  o f  energy  in
the  modern  k i tchen ment ioned here  were  na tura l
gas and electr ic i ty.  The gas provided only heat,
whi le electr ic i ty performed a var iety of jobs. In each
case the or igin of the energy was a type of fossi l  f  uel .
In  the  case o f  na tura l  gas  the  ac tua l  mater ia l  i s
brought  to  the  house by  a  complex  sys tem o f  p ipes
and pumps where  i t  i s  burned to  fu rn ish  heat .
The e lec t r i c i t y  beg ins  w i th  some foss i l  fue l ,  gas ,
o i l  o r  coa l  burn ing  to  fo rm s team.  Th is  s team tu rns  a
turbine that turns a generator in some far-off  power
p lan t .  The power  p lan t  then pumps the  e lec t r i c
cur ren t  v ia  w i res  in to  the  house.
Electr ic i ty is a very convenient and desired form
of  energy ,  because i t  can  do  a l l  the  var ious  jobs
wanted,  such as  heat ing ,  l igh t ing  and mechan ica l
movement .  But  the  fac t  i s  tha t  to  ge t  i t ,  we must  go
through severa l  d i f fe ren t  fo rms or  changes o f
energy  resu l t ing  in  ine f f i c iency .  The f i rs t  change is
combust ion  or  burn ing  to  ge t  h igh  pressure  s team.
Then we get  mechan ica l  mot ion  ( the  ro ta t ing  tu r -
b ine  and genera tor ) ,  then e lec t r i c i t y  w i th  losses  in
the  t rans formers  and t ransmiss ion  l ines  in  the  fo rm
of  heat .  The f ina l  change is  back  to  heat  and l igh t
and mechan ica l  mot ion  in  the  house.  To  ge t  the
conven ience we want  we must  su f fe r  the  sacr i f  i ce  o f
ine f f i c ien t  chang ing  f rom one fo rm o f  energy  to
another .  Usua l ly  the  c loser  to  the  or ig ina l  fo rm we
can use the  f  ue l ,  the  more  e f f  i c ien t  i t  w i l l  be ,  such as
heat ing  w i th  gas ,  wood or  coa l .  Th is  p rob lem then is
one o f  harness ing .  l t  i s  ac tua l l y  an  eng ineer ing
prob lem.  An eng ineer  must  look  a t  a l l  phases  o f  the
harness  sys tem and ar r i ve  a t  one tha t  w i l l  be  most
e f f i c ien t  overa l l .
I t  i s  more  e f f  i c ien t  o  heat  homes w i th  ind iv idua l
coa l  f  u rnaces  than to  take  the  coa l  to  a  power  p lan t ,
and then heat  the  home wi th  an  e lec t r i c  f  u rnace.  But
the  la rge  d is t r ibu t ion  sys tem,  p robab ly  t rucks ,  re -
qu i red  to  ge t  the  coa l to  each home proves  to  be  less
e f f  i c ien t  han the  e lec t r i c  d is t r ibu t ion  sys tem.  l t  may
prove s imp ler  to  ach ieve  c leaner  burn ing  a t  one
la rge  power  p lan t  than a t  many ind iv idua l  houses .
ln  the  pr im i t i ve  cab in  there  were  w indows and
doors .  l t  was  a  long t ime be fore  g lass  was ava i lab le
to  cover  the  w indows.  Usua l ly  they  were  covered
w i t h  a n i m a l  s k i n .  S u p p o s e  t h a t  o n  a  c l e a r  a n d  m i l d
win ter  day  one o f  these w indows was uncovered
and the  sun shone th rouoh and h i t  the  wooden floor .
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l f  the  w indow was about  2  fee t  on  each s ide ,  i t s  a rea
would be 4 f t 'z.  On a clear day 300 Btu per hour of
energy may str ike each f t2 of the earth's surface.
Through th is  w indow wou ld  then come 1 ,200 Btu
each hour .
Theore t ica l l y  2 ,600 Btu  =  t  hp .  Set t ing  up  a
propor t ion  we can f  ind  ou t  how much horsepower
(X)  comes th rough th is  w indow as  fo l lows:
2,600 Btu 
_ 
1,200 Btu per hour
t h p  X
B y  c r o s s  m u l t i p l y i n g :
X x 2,600 Btu = t hp x 1,200 Btu per hour = f f,p t #
1.200 Btu
x = ff t t6o-o!t" 
= '46 hP Per hour
Th is  va lue  o f  near ly  one-ha l f  horsepower  each
hour  i s  theore t ica l  and w i l l  have to  be  mul t ip l ied  by
a l l  the  e f f  i c ienc ies  when chang ing  from one fo rm o f
energy  to  another .  These changes w i l l  p robab ly  cu t
the  ou tpu t  by  one-ha l f  .  Bu t  th ink  o f  a1 /4-hp  e lec t r i c
m o t o r  i n  a  c a b i n .  T h i s  c o u l d  r u n  a  w a s h i n g  m a c h i n e
or  a  re f r igera tor  and be  hooked up  to  many o ther
dev ices ,  such as  the  bu t te r  churn .  Of  course ,  we
must  remember  tha t  th is  i s  on ly  when the  sun
sh ines .  Th is  amount  o f  sun l igh t  wou ld  no t  be  a  la rge
fac tor  in  the  heat  needed to  warm the  cab in  on  a
severe  w in te r  day .  A t  a  t ime l i ke  th is  the  cab in  migh t
need 25 ,000 to  50 ,000 Btu  per  hour .
But  the  orob lem here  is  how to  harness  th is
po ten t ia l  energy  in  the  fo rm we want .  Th is  i s  where  a
t ra ined eng ineer  must  dev ise  methods  us ing  ob-
ta inab le  phys ica l  mater ia l  to  change the  sun l igh t
in to  mechan ica l  energy .
The sun l igh t  au tomat ica l l y  t rans la tes  i t se l f  in to
one fo rm,  heat .  On a  c lear  and mi ld  w in te r  day  a  dog
or  ca t  in  the  cab in  wou ld  ins t inc t i ve ly  f ind  the  warm
spot  on  the  f loor .  The sun l igh t  hen wou ld  warm i ts
body  and i t  wou ld  s tay  there  a l l  day ,  mov ing  on ly  to
keep up  w i th  the  sun 's  movement  across  the  f  loor .  l t
is a vast ly di f ferent story though when we want to
harness  un l igh t  in to  mechan ica l  movement  w i th  a
force.
In  a  way the  p ioneers  d id  jus t  tha t .  A  swi f t -
runn ing  s t ream wi th  a  water fa l l  was  the  po ten t ia l  fo r
a  waterwhee l .  Ind i rec t l y  the  sun powers  the  water -
wheel.  The heat f  rom the sun evaporates water f  rom
the earth's surface where i t  is carr ied as vapor on
warm,  r i s ing  cur ren ts  o f  a i r  ( th is  energy  comes f  rom
the sun a lso)  un t i l  a t  g rea t  he igh ts  i t  coo ls ,  con-
denses ,  and fo rms drop le ts  dense enough to  fa l l
th rough the  a tmosphere ,  long  d is tances  f  rom where
i t  o r ig ina l l y  evapora ted .  The ra inwater  f low ing
through r i vers  and s t reams by  the  fo rce  o f  g rav i ty
moves across  the  ear th 's  sur face  and f ina l l y  tu rns
the  waterwhee l .  Today 's  b ig  dams and water  tu r -
b ines  are  improved,  la rger  vers ions  o f  the  f i rs t
waterwhee ls .  An impor tan t  po in t  i s  tha t  they  are
opera t ing  on  sun power  and do  no t  po l lu te  any-
t h  i n g .
One g ian t  p rob lem ex is ts  though.  Eng ineers  te l l
us  tha t  the  amount  o f  water  tha t  cou ld  be  s to red  in
present  and proposed lakes  w i l l  f  u rn ish  on ly  a  smal l
f rac t ion  o f  what  i s  wanted  by  the  peop le  in  the
Uni ted  Sta tes .  But  th is  source  he lps .  l t  keeps  the
other  types  o f  f  ue l -burn ing  p lan ts  from be ing  so  b ig .
There  is  a  lo t  o f  ac t i v i t y  in  the  so la r  energy  area  now
seek ing  new and improved ways  to  harness  th is  vas t
and las t ing  source  o f  energy .  Harness ing  sun l igh t
and other energy sou rces has tremendous potent ial .
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Questions
To st imulate thought and greater understanding, answer these quest ions with the best word(s) to make a
true statement. Refer to the material when necessary.
1. What does the word harness mean as i t  used in this book?
2.  Why is  p ip ing  na tura l  gas  to  homes and burn ing  i t  fo r  heat  a  more  e f f i c ien t  sys tem than burn ing  i t  in  a
steam power plant and using the electr ic i ty for heat?
3. Can we use coal the same way as in number 2? (Yes or No)
4. ls there air  pol lut ion from hydroelectr ic power plants? (Yes or No)
5. What is a seemingly unsolvable problem with hydroelectr ic power?
6. What was probably the f i rst  human effort  of  harnessing to mult iply effort?
7. Give the steps in the complete circuit of energy that drive a waterwheel.
8. Wil l  the mass of an object on earth be the same on the planet Jupiter? (Yes or No)_
9. Can any movement of an object ake place without expending energy? (Yes or No)
10. Any output of energy is at the expense of mass. (True or False)
1 1 . A 25-pou nd object moved to a new location has the same work done on it  regard less of the t ime required
or the path taken. (True or False)
12. Work and power are actual ly the same thing. (True or False)
13. l f  an electr ic hairdryer uses current of 3.5 amp on a 110 volt  c ircui t ,  what does i t  cost to operate for 1.5
hours at an electr ic rate of 7 cents per kWh?
14. An 80-gallon electr ic water heater uses a current of 25 amp on a220 volt circuit whenever the thermostat
is on. l t  is on an average of six hours each day. What is the cost per year of operating this appliance on
a special off peak rate of 2 cents per kWh?
15. Potent ial  energy and kinet ic energy are actual ly the same. (True or False)
16 .  A  s t ra igh t  l ine  has  two d imens ions .  (True  or  Fa lse)
17. During the combust ion process the hydrocarbon fuel molecules break up and reunite with oxygen to
form carbon dioxide and water.  (True or False)
18. Any kind of hydrocarbon fuel must be in vaporform before i tcan burn. (Trueor False)
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19 .
20.
21.
The cold from an ice cube held in a bare palm soaks into the hand. (True or False)
A cup of water can contain as much heat as a bathtub ful l  of  water.  (True or False)
Heat can move from one place to another in ei ther of three forms. Name them.
22. The temperature of any substance whether a gas, l iquid or a sol id is manifested by the kinet ic energy
of i ts molecules. (True or False)
23. Modern refr igerators must reach absolute zero temperature in their lreezer compartments. (True or
False)
24. What is probably the most important aspect of the subject matter area of energy? ( l t  can be summed up
in  one word . )
Answers
1. to use as heat or to move objects
2. Eff ic iency is lowered by changing forms.
3. no (We can't  distr ibute coal as easi ly.)
4 .  no
5. Natural  places for dams are l imited.
6. handles on stones
7. evaporat ion, condensat ion, rain,  r ivers and dams
8. yes (Mass stays the same, weight changes.)
9 .  no
1 0 .  T
1 1 .  T
12. F
1 3 . 4 4
14. $240.90
1 5 .  T
1 6 .  F
1 7 .  T
1 8 .  T
1 9 .  F
20. T
21. radiat ion, conduct ion, convect ion
22.  T
23. F
24. harnessing
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